increased by 460.7 o C· d. Likewise, the onset dates of shallow soil thawing at 5-40 cm depths were 37 advanced by 9 days and 8 days while the onset dates of freezing were delayed by 10 days and 4 38 days in alpine swamp meadow and alpine steppe, respectively. Moreover, soil frozen days were 39 significantly decreased by 28 days and 16 days, but thawed days were increased by 18 days and 6 40
The annual FI/TI, as a general indicator of climate change in the cold regions, is useful for 28 predicting permafrost distribution and is an important parameter for engineering design 29 (Frauenfeld et al., 2007) . In addition, variation in the near-surface SFTPs can be used as an 30 effective and reliable indicator of permafrost change (Li et al., 2012b) . SFTPs are the repeated 31 freeze-thaw physical processes, which are resulted from diurnally or seasonally thermal changes 32 following with water phase transitions in the topsoil up to a certain depth of soil. relative humidity (RH), precipitation (P), net radiation and wind velocity were -3.2 o C, 53.3 %, 28 401.4 mm, 83.7 W· m -2 and 4.5 m· s -1 , respectively. The warmest and coldest months were July and 29 January, the maximum and minimum precipitations appeared in July and December, respectively 30 (Fig. 2) . The region was mainly underlain by continuous and ice-rich permafrost (Wen et employed to study the effect of climate warming on alpine grassland ecosystem in the QTP (e.g., 23 Klein et al., 2004 Klein et al., , 2005 . soil salinity (SS) at 10cm depth were measured by Hydra Probe sensors (Stevens) with the 31 accuracies of ± 3.0% and ± 0.03 g· L -1 , respectively. All probes and sensors were connected with 32 CR1000-XT datalogger (Campbell), and data were automatically recorded every hour (Beijing 33 Standard Time). 34
Data analysis 35
The number of soil frozen days, thawed days and frozen-thawed days were calculated by those 36 days with the diurnal maximum Ts being ≤ 0. 
where Ti represented the mean daily temperature between daily maximum and minimum Ta in 10 15cm height above the ground. NF and NT corresponded to those days when temperature is below 11 (or equal to) and above 0.0 o C, respectively. In addition, ALT was also calculated using the 12 empirical equation (3) OTCs. Diurnal Ta in OTCs was significantly higher from 9:00 to 20:00 (P<0.01), and lower from 21 0:00 to 8:00 and from 21:00 to 23:00 than that in CPs of BLH1 and BLH3 sites (Fig. 3) . amplitudes at 5-20 cm depths were higher at BLH3 site than at BLH1 site, and the warming over 6 twenty-four hours occurred at 5 cm depth of BLH3 site (Fig. 4) . In addition, mean daily as well as increases of Ts at 10cm were significantly higher in BLH3 site than those at BLH1 site 25 (P<0.05) ( Table 1) . 26
On the basis of in other months except Jan., Feb. and Dec. at BLH3 site (Fig. 6 ). Moreover, mean seasonal SM 33 significantly decreased in winter at BLH1 site, in each season at BLH3 site (P<0.01). Mean 34 seasonal SS obviously increased each season at BLH1 site, and in spring, summer and autumn at 35 BLH3 site (P<0.01 or 0.05). In addition, the significant more decrease of mean seasonal SM was 36 at BLH3 site than that at BLH1 site in summer but there was clearly opposite trend in winter, and 37 the increase of mean seasonal SS was significantly higher at BLH1 site than that at BLH3 in 38
The Cryosphere Discuss. summer, autumn and winter (P<0.05; Table 1 ). However, mean annual SM decreased by 1.1 % at 1 BLH1 site and by 0.8 % at BLH3 site (P<0.01; Table 1 ). Mean annual SS significantly increased 2 by 0.3 g· L -1 and 0.1 g· L -1 at BLH1 and BLH3 sites, respectively, which was significantly higher at 3 BLH1 site than that at BLH3 site (P<0.05; Table 1 ). the onset dates of thawing were advanced by 5 ~ 13 days and 3 ~ 16 days with averages of 9 days 19 and 8 days, but the onset dates of freezing were delayed by 7 ~ 15 days and 1 ~ 7 days with mean 20 values of 10 days and 4 days at BLH1 and BLH3 sites owing to OTCs warming, respectively. 21
Furthermore, soil frozen days gradually increased, frozen-thawed days decreased, and thawed 22 days first increased and then decreased from 5 cm to 40 cm under two treatments. Owing to OTCs 23 warming, frozen days of shallow soil at 5-40 cm depths decreased by 21 ~ 51 days and 6 ~ 39 24 days with averages of 28 days and 16 days, and thawed days increased by 14 ~ 21 days and 5 ~ 6 25 days with averages of 18 days and 6 days, as well as frozen-thawed days increased by 1 ~ 37 days 26 and 1 ~ 33 days with averages of 10 days and 10 days at BLH1 and BLH3 sites, respectively. 27
Moreover, frozen days generally decreased while thawed and frozen-thawed days increased, 28 especially variations of frozen and frozen-thawed days were significant at the depths of 5 cm and 29 5-40 cm (P<0.05; Table 3 ). In addition, the average thicknesses of active layer from 2009 to 2011 30 were approximately 206.0 cm and 212.9 cm at BLH1 site, 211.9 cm and 231.5 cm at BLH3 site 31 under CPs and OTCs treatments, respectively. Undoubtedly, ALT would significantly be increased 32 by about 6.9 cm and 19.6 cm at BLH1 and BLH3 sites owing to experimental warming, 33 respectively (P<0.05; Table 2 ). 34
Discussion 35

Effect of OTCs experimental warming on microenvironment element 36
Each of the last three decades has been successively warmer at the Earth's surface than any 37
The Cryosphere Discuss. The Table 1 , Fig. 4 and 7) . At mean seasonal and annual scales (Table 1) , SM at 10 cm depth basically decreased in two 14 alpine grasslands, but significantly declined in alpine steppe owing to OTCs warming. In addition, 15 SS at 10 cm depth obviously increased in two alpine grasslands, and increase amplitude 16 significantly higher in alpine swamp meadow than in alpine steppe. Therefore, it indicated that 17 topsoil drought was significantly aggravated in alpine steppe, while salinization was more 18 significant in alpine swamp meadow than in alpine steppe under the warming scenarios. The dates of shallow soil thawing at 5-40 cm depths were averagely advanced by 9 days and 8 days 22
while the onset dates of freezing were delayed by 10 days and 4 days in alpine swamp meadow 23 and alpine steppe, respectively. Further, soil frozen days were significantly decreased by 28 days 24 and 16 days while thawed days were increased by 18 days and 6 days, and frozen-thawed days 25 were significantly increased by 10 days and 10 days in alpine swamp meadow and alpine steppe, 26 respectively ( Table 2) . It revealed the significant pattern of earlier thawing, later freezing, shorter 27 freezing period while longer thawing and freezing-thawing periods of shallow soil, especially 28 topsoil of active layer in two alpine grasslands of the permafrost regions in the central QTP owing 29 to experimental warming. Response difference of SFTPs in two types of alpine grassland mainly 30 occurred at the autumn freezing stage, which showed a trend of later freezing in alpine swamp 31 meadow than in alpine steppe. It should be resulted from a stronger preservation effort to soil heat 32 in alpine swamp meadow with higher vegetation coverage. Nevertheless, the stability of 33 engineering infrastructure (e.g., the Qinghai-Tibet Railway or Highway) will be undoubtedly 34 swamp meadow and alpine steppe, respectively. Moreover, soil frozen days were significantly 6 decreased by 28 days and 16 days, but thawed days were increased by 18 days and 6 days, and 7 frozen-thawed days were significantly increased by 10 days and 10 days in alpine swamp meadow 8 and alpine steppe, respectively. In addition, ALT had notable increases by about 6.9 cm and 19.6 9 cm in alpine swamp meadow and alpine steppe ecosystems, respectively. However, the response 10 differences in two types of alpine grasslands may be mainly controlled by vegetation coverage. 11
Overall, the systematically quantitative responses of freeze-thaw processes and permafrost to 12 experimental warming will greatly provide the scientific references on evaluating the 13 infrastructure stabilities (e.g., the Qinghai-Tibet Railway/Highway) and estimating the soil carbon 14 release in the permafrost regions of QTP under the future climate warming. 15
Acknowledges. We wish to thank the editor Gruber S. for the constructive comments and 16 suggestions. We thank Luo Y., Alonso-Contes, C., Pen F., Liang J., Jiang J., and Huang Y. for 17 revising manuscript. We thank Klein J. A., and Zhao X. for the help of OTCs fiberglass material. 18 Chen, H., Zhu, Q., Peng, C., Wu, N., Wang, Y., Fang, X., Gao, Y., Zhu, D., Yang, G., Tian, J., 35 Kang, X., Piao, S., Ouyang, H., Xiang, W., Luo, Z., Jiang, H., Song, X., Zhang, Y., Yu, G., 36
Zhao, X., Gong, P., Yao, T., and Wu, J.: The impacts of climate change and human activities 37
The Tables   Table 1 . Mean seasonal and annual air temperature (Ta), soil temperature (Ts), soil moisture content (SM) and soil salinity (SS) under OTCs and CPs treatments at BLH1 and BLH3 sites (mean ± SD, n=3). 157±11 -12±8  194±8 188±5  6±6  27±7  21±8  6±2   *   20  151±7  164±7  -13±2  200±5 194±5  6±5  14±5  7±2  7±4   30  162±5  170±4  -8±2  197±2 191±3  6±3  7±3  4±3  3±1   40  167±3  173±5  -6±2  195±3 190±5  5±2  3±1  2±1  1±1   5-40 143±9  159±7  -16±4 *  192±4 187±3  6±2 *  30±5  20±4 
